Purpose: The purpose of this paper is to examine the nature and extent of linkages between African stock markets and the relationships between these markets and that of regional and global indices. 
Introduction
The issue of equity market integration has generated a lot of interest among investors, researchers and policy makers in recent times. Equity market integration and interdependencies have implications for international investors and fund managers because the degree of market integration affects the benefits of international diversification. Greater stock market integration is also of interest to policy makers in the sense that events in one market can have significant effects in other markets, as each stock market becomes an integral part of a single global market. For example, international investment inflows and outflows can have a significant influence on emerging market economies and their stock markets.
Increased integration could therefore have macroeconomic and monetary policy implications, because monetary policies in a domestic economy could be affected by the linkages between the local capital market and other markets within the sub-region and globally.
This paper examines the extent to which African stock markets are influenced by external markets by analysing the degree to which Regional and Global market indices explain the behaviour of local market indices in Africa. A number of studies on the spill over effect in international stock markets suggest that international stock markets are highly correlated and interdependent. These include Hamao et al (1990) , King and Wadhani (1990) , Susmel and Engle (1994) , Bekaert and Harvey (1997) , Masih and Masih (2001) and Bekaert, Harvey and Lumsdaine (2002) among others. However, most of these studies either concentrate on the developed stock markets and where emerging markets are considered they usually exclude many of the emerging African stock markets. In the past, it has also been argued that emerging markets are segmented from world capital markets because their returns are more likely to be influenced by local rather than global information variables (see Harvey (1995) ).
However, many emerging markets, including countries in our sample, have undertaken substantial financial and economic reforms towards liberalisation in recent times, which, all things being equal should result in greater integration among themselves, as well as global markets. In theory, financial liberalisation is said to encourage integration as barriers that inhibit financial flows between markets are removed. Bekaert, Harvey and Lumsdaine (2002) thus report that emerging markets became more integrated after their liberalisation.
In spite of the recent interest in research on emerging markets, not much has been done on African stock markets. The few studies are largely concentrated on return predictabilities and efficiency of these markets. These include Graham and Smith (2006) , Jefferis and Smith (2005) , Appiah-Kusi and Menya (2003), Magnusson and Wydick (2002) , Smith, Jefferis and Ryoo (2002) and Dickinson and Muragu (1994) . All these studies confirm short term return predictabilities and violations of weak form market efficiency. Collins and Biekpe (2003) also use changes in correlations following the Asian crisis in 1997 to examine the interdependencies of African markets. They find that interdependencies in African stock markets fall into regional blocks and that, with the exception of South Africa and Egypt, the evidence does not support integration with global emerging markets. On the other hand, Wang et al (2003) find African stock markets to have time varying integration which appears to have declined after the 1997/98 crisis.
It is of interest to note that earlier studies including those reported above employ time series analysis such as cointegration analysis, vector autoregressions (VARs) as in King and Wadhani (1990) and Masih and Masih (2001) or ARCH-based models as in Susmel and Engel (1994) and Bekaert and Harvey (1997) . This paper employs an alternative approach following Barari (2004) to examine the interlinkages among African stock markets. We decompose the volatility of the domestic index into three components; the contribution of the regional index, the contribution of the global and the unsystematic component. We then examine the regional and global integration scores over time by analysing the various components over different time periods. By this approach we are also able to quantify the contribution of regional and global market movements to the local index volatility.
Although this paper examines similar issues as in Collins and Biekpe (2003) and Wang et al (2003) our approach is different. Whilst the earlier studies examine integration with particular reference to the 1997/98 Asian crisis, our approach seeks to establish the extent to which regional and global market indices affect domestic stock market volatility in Africa. Our second objective is to examine whether the degree of integration has improved following the various structural adjustments. Although African markets may not be significant on the global stage, our paper nevertheless addresses a gap in the extant literature by providing further evidence on financial market integration. We provide a more recent and comprehensive evidence on the extent to which domestic stock market volatility is driven by global and regional shocks which to best of our knowledge has not been reported in any of the previous studies on African markets. We are also able to assess whether recent liberalisation attempts have enhanced integration in these markets.
The main results of the paper can be summarised as follows. We find that stock markets in Africa, with the exception of South Africa, are still segmented from the global market in spite of their liberalisation efforts. Also, a large part of the total volatility of the local indices comes from country-specific factors. This is an interesting phenomenon since in an integrated capital market country-specific risk which can be diversified away should not be priced. Another interesting aspect of our findings is the low (sometimes negative) correlation between the stock markets of countries even in the same regional economic blocs. Consistent with Wang et al (2003), we also find evidence of time varying integration and that the levels of integration with global and regional markets seem to decline over time. This appears contrary to the findings of Bekaert, Harvey and Lumsdaine (2002) that emerging markets become more integrated after their liberalisation. On a positive note, the low levels of integration therefore offer greater opportunities for risk diversification across countries.
The rest of the paper is structured as follows. In Section 2, we discuss the data and the methodology employed in the study. Section 3 discusses the empirical findings and Section 4 concludes.
Data and Methodology
The data used in the analysis include monthly total returns in both local currency and US dollars for the S&P/IFC indices for 10 African countries. Four of these are in the IFC (Global) 
Measuring regional and global integration scores
To assess the degree of integration with regional and global markets, we follow the methodology of Barari (2004) . This section therefore draws heavily on Barari (2004) . Let R i denote the rate of return on the ith country index, R r denote the rate of return on the regional benchmark index and R g be the rate of return on the global benchmark index. Assume that the return of the domestic index follows a two-index return-generating process given by:
where U r , is obtained as the residual from the following regression
and  i is the country-specific residual error term. The sample countries have all gone through significant adjustments to formally make their financial markets accessible to the outside equalisation of price factors. However, because country specific circumstances can lead to different levels of systematic risk, the coefficients  i ,  ir and  ig are country-specific. For example, in spite of financial liberalisation, factor immobility in resource-endowed countries can lead to differences in returns 2 . The residual error term,  i , is assumed to be random, nonautocorrelated with mean zero and orthogonal to U r and R g . As both the global and regional indices may be driven by common factors, equation (2) ensures that any common trends are removed. Thus U r is orthogonal to the global returns, R g and represents that part of the variation in R r that cannot be explained by R g .
As  i is also orthogonal to both R g and U r , the variance of the local index return can be expressed as the sum of three components:
Dividing both sides by Var(R i ), we have
where,
Thus, a i measures the proportion of the total domestic variance explained by the regional index (that is uncorrelated with global systematic risk), b i measures the proportion explained by the global systematic risk and c i measures the component of country-specific risk. We 2 From an international finance framework, if markets were fully integrated we would expect common pricing effects so that  i = i. This also implies that expected return should be identical across countries but this need not be the case if some country specific factors are systematic.
therefore use as a i and b i as measures of country i's regional and global integration, respectively. Higher levels of a i and b i would be interpreted as evidence of greater integration. and Nigeria, show a very low or negative correlation over the entire sample period. This is particularly interesting because these regional blocs are expected to facilitate greater political and economic links between countries. Our results is also contrary to Yang et al (2006) who also find evidence of regional correlation clusters in a study of 8 industrialised countries.
Empirical Findings

Descriptive Statistics
Correlation tests
On the average, correlations increased in the second sub-period, both within the markets and with the regional and world markets, and might suggest increasing levels of financial integration between these countries. It should however be noted that the effectiveness of correlation analysis in examining linkages between markets might be limited because of the possibility of spurious correlation. An increase in correlation might not necessarily mean an increase in financial integration as both countries might be correlated to a common factor (e.g. the global market) but not between themselves.
Integration Scores
In this section we estimate the proportion of the local index variability that is explained by the regional and global indices. To take into account possible time-variation in these values, we use two windowing strategies. In Table 3 we present the estimation results using an expanding window. We begin with the first 4-year data from January 1998 to December 2001
and increase the window in 12-month intervals. Thus, the first sub-period covers January 1998 -December 2001, the second sub-period covers January 1998 -December 2002 and so on until the full sample is used. Table 4 on the other hand presents the estimation results using a fixed 4-year rolling window which is moved forward in 12-month intervals. In this case the first sub-period is January 1998 -December 2001, the second covers the period January 1999
-December 2002 and so on yielding seven 4-year windows. In this case, the estimation uses the most recent data in the period and thus reduces the influence of extreme historical variations on the integration scores.
The results in Tables 3 and 4 show that these markets have very low levels of regional and global integration scores, except South Africa; yet in all countries the regional integration score exceeds the global score. In most cases, the proportion of the total domestic variance explained by the regional and global indices collectively is less than 15%. Ghana, Kenya, Mauritius and Tunisia exhibit the lowest global integration scores over the period, irrespective of the method of estimation. Our results show that with the exception of South Africa, the markets in Africa carry a lot of country-specific risks. Indeed, the results confirm that the nature of the South African market is completely different from that of the other countries in Africa. The global and regional integration scores of South Africa are also comparable to those of the Latin America countries reported in Barari (2004) .
We acknowledge that the effect of liberalisation may not be instantaneous. However, if the liberalisation processes in these countries were effective, we should expect to see gradual improvements in integration over time. We also find that although South Africa shows evidence of increasing global integration as the estimation window expands (Table 3) , we find evidence of declining levels of global integration using the fixed 4-year windows (Table 4) . This is consistent with the findings of Wang et al (2003) . In a study of some of these markets they report evidence of time varying integration which seem to have declined after the 1997/98 emerging market crisis. In Figure 2 , we present a graph of the sum of the regional and global integration scores from the rolling window estimation. The graph offers a clear comparison of the degree of integration across the countries and over time. The dominance of the South African market is clearly evident in Figure 2 . Clearly, both regional and global stock market variations jointly explain a very small part of the local market volatility.
On the whole, our results suggest that there is a great deal of potential for cross country diversification in these markets, as a large part of the total domestic variance appears countryspecific. Our results also show that the liberalisation attempts in Africa have not yet achieved the desired financial integration with the global financial markets. African stock markets are, to a large extent, still segmented. It is therefore not surprising that the earlier studies found that the Asian crisis had no effect on African markets.
Conclusion
In this paper we examine whether the major stock markets in Africa have become more integrated into the global capital market. We present some new results that examine the levels of regional and global integration in these markets. We find that the low levels of correlation among African markets themselves and also with the regional and global market reported in previous studies still persist. Apart from South Africa, we do not find any evidence that
African markets are integrated with the global stock market. Using a two-index return generating function, our results also show that the total volatility of the domestic index in these markets is largely country-specific. The proportion of the total volatility attributed to the residual term substantially dominates the proportion attributed to the regional and global indices.
We also find that though these markets experience time-varying integration, the level of integration has diminished over time. Thus, these markets have become even more segmented in recent times. In spite of the development of sub-regional blocs, African markets are still far from being integrated even on a regional basis. If the economies of countries in the regional blocs are related in anyway at all, this is not reflected in the behaviour of their stock markets.
There are therefore stronger diversification benefits in these markets for fund managers within and out of Africa, if perceptions of African stock markets would change. Although, significant costs and constraints (political and economic) still persists in these markets, significant reforms are still being pursued to enhance transparency in market transactions and liquidity. It is important for investors and fund managers in Africa to take advantage of these benefits and invest beyond their domestic markets. Table 3 presents the estimation results of the integration scores using an expanding window. For each country i we calculate:
and U r , is obtained as the residual from the regression R r =  +  r R g + U r R i denotes the return on the index of country i whilst R r and R g denote the return on the regional benchmark index and the global benchmark index respectively. The S&P Global 1200 Index is used as a proxy for the global benchmark and S&P/IFCG Middle East & Africa Index is used as the regional benchmark. We begin with the first 4-year data from January 1998 to December 2001 and increase the window in 12-month intervals. Thus, the first sub-period covers January 1998 -December 2001, the second subperiod covers January 1998 -December 2002 and so on until the full sample is used. All returns are calculated from the US dollar equivalents of the various indices and the full sample period is January 1998 to December 2007. Table 4 presents the estimation results of the integration scores using a fixed rolling window. For each country i we calculate:
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